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A bread improving composition comprising glucose oxidase in combination with oxidases
or hydrolases such as for example fipase is disclosed in EP 468 731 A1. There is
obtained bread of a sufficient volume, However, according to this prior art document the
use of ipase alone did not result in braad of a satisfactory quality.

WO-94/04035 discloses a method of improving the properties of a dough (with and
without added fat) and/or a baked product made from the dough by adding a pase (EC
3.1.1.3) of microbial origin to the dough. The use of the microbial ipase resulted in an
increased volume and improved softness of the baked product. Furthermore, an anti~
staling effect was found. ' '

EP 585 988 A1 discloses a bread improver composiion comprising at least one lipase, at
least ona hemicellulase and at least one amylase. Baking experiments showed that the
use of lipase alone in a dough without added fal resulted in a reduced volume of the

baked product whereas no volume effect was observed when lipase was used in a dough
containing added fat.

WQO98/45453 discloses the use of 3 lipase form Aspéfyﬁlus niger for improvement 67
bread crumb structure. However, this enzyme did not have significant improving effects on

bread volume and softness.

From the prior art it can thus be derived that the effects of lipases when used as dough
additives are highly variable in respect of antistaling or crumb firmness retardation and
Improvement of bread volume. . -

A significant effect of the lipase disclosed in WO98/45453 is that &, in addition to its
triglyceride hydrolysing effect, is capable of hydrolysing polar glycolipids present in flour,
such as e.g. digalatosylidigiyceride (DGDG). It was hypothesisad that the bread crumb
structure Improving effect might be associated with this latter effect. it was also shown
that the Aspergillus niger Bpase did nol have a phospholipid hydrolysing effsct.

It is known to use phospholipases for improvement of bread quality. Thus, JP-82-66213
discloses the use of phosphoflpase C and a lyscphospholipase for improvemsnt of frozen
doughs, EP 575 133 A discloses the use of phospholipase A1 to improve handling
proparties of doughs, JP-60-078529 describes the use of a phospholipase A to improve
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the machanical properties of wheat flour doughs and.noodles and EP 109 244 A discioses
that phospholipase A can be used to improve the properiies of doughs. '

Whereas the addlition of ipases or phospholfipases to flour doughs to improve the
5 mechanical properties of the doughs and/or the quality of the finished baked products is

known in the an, it is a significant problem that the amount of lipid substrates for the
respective enzymes present in flour is Iimited. The substrate for lipases in a wheat flour
dough is the endogenous liplds of which about 50% are nonpolar lipids and 50% are polar
glycolipids and phospholipids. . . .

10 )
Several of the Rpases presently used in the baking industry including those disclosed in
EP 585 998 and WO 94/04035 are only aclive against the nonpolar lipid fraction resulting
in the formation of free fatty acids and glycerol and to a less extent, mono- or diglycerides.
The beneficial effects on dough or bread quality is, however, rather limited as free fatty

15 acids may have an adverse effect on bread quality. The fungal lipase disclosed in
WO98/45453 has, in addition to ils effect on acylglycerols, a certain hydrolysing effect on

the polar glycolipids.

Additionally, as it Is mentioned above, the use of phospholipases A and C has been

20 suggested as dough and/or bread improving additives. The enzymatic effact of such
phospholipases is that the phospholipids present in the dough Is converted into the
corresponding lysophospholiplds which are known to be effeclive emuisifying agents.
However, the amount of endogeneous phospholipids In bread doughs is relatively small
and therefore the dough and bread improving effect of adding enzymes that are

25 selectively active against phospholipids will be limitsd.

There is therefore a need for a dough and/or bread improving enzyme that is capable of
hydrolysing substantially all of the fipid types present in flour doughs, i.e. the nonpofar
acylglycerois and the polar phospholipids and glycalipids. The present invention is based
30 on the discovery of lipolytically active enzymes that are capable of utilising all of these
lipids simultaneously as substrates and it has been found that the addition of such an
enzyme to a dough resulls in significant improvements of dough stability and strength and
the handling properties of doughs and in improved quality of the bakad bread products in
terms of a significant enhancement of bread volume, crumb siructure, crumb appearance,
35 and colour and of the softness of the bread, A particularly interesting and [mportant
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aspect of these novel enzymes is that they may have preference for polar lipids implying
that the adverse effecls that have been observed for acylglyeerol hydrolysing ipases can
be controlled by selecting enzymes preferentially hydrolysing polar lipids.

It has also been found that the dough and bread improving effects of the enzymes
according to the invention can be further enhancaed by adding glycofipids andsor
phospholipids to the dough, e.g. in the form of cereal lipids including oat oi.

SUMMARY OF THE INVENTION
Accordingly, the invention pertains iﬁ a first aspect to a method of praparing a flour dough, _

said method comprising adding to the dough components an enzyme that, under dough
conditions, Is capable of hydrolysing a nonpolar !ipid, a glycolipid and 3 phospholipid, ora

‘composition containing said enzyme, and mixing the dough components to ebtain the

dough. Any of the lipid substrates for the enzyme can be lipids naturally present in the
fiour or they may added (o the dough.

In 3 further aspect, there is provided a dough improving composition comprising an en-
zyme that, under dough conditions, is capable of hydrelysing a nonpolar fipid, a glycalipid
and a phospholipid, and optionally at least one further dough component. The further
dough component may e.g. be any other enzymes that has an improving effect on the
dough properties and/ot the quality of a baked product made from the dough.

In still further aspects the invention relates to a dough that is obtained by the method of
the invention and baked products that Is obtained by baking such a dough, and noodle
and pasta products prepared in accordance with the invention.

DETAILED DISCLOSURE OF INVENTION
A primary objective of the present invention s to provide a method to improve the proper-
ties of flour based doughs and products made from such doughs. This Is, in respact of

baked products, achieved by providing a method for prepasing baked products which have
highly desirable characteristics with respect to bread volume, crumb structure and ap-
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pearance and which addilionally have an extended shelf life as reflected in an enhanced
softness, i.e. the stafing of the baked products is retarded relative to @ baked product
made without use of the enzyme of the invention, Although it Is presently preferred fo use
the method for the manufacturing of yeast leavened bread products such as bread loaves,
rolis or toast bread, the use of the methed for any other types of doughs and dough based
products such as noodis and pasta products and cakes, the quality of which can be im-
proved by the addition of the enzymes of the invention, i3 also contemplated.

The present method comprises as an essential step that an effective amount of an en-
zyme that, under dough conditions, is capable of hydrolysing a nonpolar lipid, a glycolipid
and a phospholipid, or a composition containing said enzyme is added to the dough elther
directfy to an already mixed dough or as a companent of one or more dough components.

In the presant context, the exprassion “an effactive amount” is used generally to describe
an amount of the enzyme which Is sufficient to effect, under dough conditions, detectable
hydrotysis of triglycerides, phospolipids and glycolipids present in the dough. Exampies of
analytical methods permitling detection of these hydroiytic.activities are given in the below
axamples. More specifically, the expression may relate o an amount which does not only
result in detectable hydrelysis of the above lipid substrates, but which In addition results in
the formation of enzymaltic end products at a level which results in improved properties of
ths dough such as a significantly improved stickiness scors and/or extensibifity score
which can be ascribed to the addition of the enzyme, or, if the dough is baked, in an im-
praved quality of the baked product such as enhanced bread volume, enhanced softness
or improved crumb structure. '

The enzyme of the invention can ba described as a multifunctional enzyme that is capable’

of simultaneously hydrolysing acylglycerols (gtycerides) ( i.e. it has an esterase activity

generally associated with the ciass of enzymes referred to as lipases (EC 3,1.1.3)), phos-

pholipids and glycolipids such as galactolipids. Accordingly, the enzyme has i.a. a hydro-

lysing activity that is associated with a variely of enzymes generally referred to as phos- -
phelipases. Phaspholipids are cleaved In two difleranl ways by two groups of enzymes,

one of which is inciuded in the group of lipases and which include phospholipase A, and
phospholipase A,, and phosphodiesterases (phospholipases C and D). The enzyme of

the invention may have any of these phopholipase activities.
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it has been found that enzymes having the hydrolytic characteristics of the enzyme ac-
cording to tha invention may have different affinities for fatty acld moigties in the fipid sub-
strate implying that the enzyme of the invention may preferentially hydrolyse lipids con-
taining short chain fatty acids such as C, to Cyp fatty acids of it may preferentially hydro-
fyse lipids having long chain fatty groups such as C,, to Cy fatty acids. Enzymes having
preference for long chain fatty acid groups may 8.g. be particularly useful in doughs where
butter fat or other lipids containing butysic acid groups. ss it is a known problem that free
butyric acid may give rise to undesirable taste and flavour.

One implication of this selective substrate profile is that an enzyme can be selected which
are particularly active in a given dough depending on the recipe and the fipid content
hereof.

The enzyme having the properties as defined herein may be derived from a variety of
sources including plants, animals and micreorganisms such as bacterial and fungal spe-
cies including yeast species. The enzyme of the invention may be derived from an
organism that naturally produaeé the enzyme or it may be produced recombinantly by
transforming an appropriate host cell with a gene coding for the enzyme. The enzyme can
be an enzyme that comprises in itself active sites for all of its enzyme activities, but it is
also possile to construct hybrid enzymes having the enzyme activities as defined herain
by synthesis or by using recombinant DNA technology.

Presently preferred enzymes for use in the invention are Lipase SP 872 and Lipase SP
979, the effact of which are desgribed in detsils in the below examples. '

Most cereal Rours contain nonpolar lipids including triglycerides and polar lipids Including
phospholipids and glycofipide which can serve as substrates for the enzyme of the inven-
tion. Accordingly, in one embodiment of the method, at least cne of the honpolar lipid, the
glycolipld such as a galactolipid including digatactosylidiglyceride (DGDG), and the phos-
pholipid such as phosphatidylcholine (PC) is a naturally ccauring (or endogenous) lipid
component occirring in the flour used for the dough.

However, a flour dough may hot contain sufficient amounts of all of the lipid substrates for
the enzyme of the invention. it is therefore within the scope of the invention to supplement
the dough with at least one of a nonpolar lipid, a glycofipid and a phosphoiipid to provide
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sufficient substrates for the enzymie. it will be appreciated that the expression “sufficient
substrate” implies that none of the three main types of lipid substrates is fimiting for ob-
taining a dough improving or baked product improving effect as described above.

§ The supplementary lipid substrate for the enzyme of the invention may be a nonpolar lipid
such as an acylglycerol. In accordance with the invenfion a variely of such lipids can be
used such as e.g. vegstable oils, vegstable fats, animal olls, animal fats such as e.g. but-
terfal, and shortening. In this connection, a particutarly useful lipid Is an ol} or a fat derived
from cereals such as oat oil. Oat il typically contains, in addition to triglycerides, 5-25%

10 phospholipids and 5-12% glycolipids. Oat cil can be fractioned to yleld fractions having a
high content of polar kpids.

It is thus one aspect of the method of the Invention that one or more phospholipids can be
added to the dough. In this connection, useful phospholipids include phosphatidylinositol

15 (Pi), phosphatidyiglycero! (PG), phosphatidyicholine (PC), lecithin and phosphatidyletha-
nolamine (PE).

In accordance with the Invention, the enzyme is added in an amount which is in the range
of 10 to 100,000 LUT/kg flour or in ths range of 10 to 100,000 FLU’kg flour, the unit

20 deasignalions are those defined in the below examples, such as a range of 50 to 50,000
LUT or PLU/g flour incuding a range of 100 to 10,000 LUT/kg flour or 100 to 10,000
PLU/g flour. ’

Another objective of the Invention is to provide a method for abtaining a baked product
25 having improved quality characterigtics as defined above. Accordingly, in one embodi-
ment, the dough being prepared by the method of the invention Is a bread dough and the
method comprises as a further step that the dough Is baked to obtain a baked product.
One particularly desired property of baked bread products Is a high specific volume as
defined in the examples. Accordingly, the addition of the enzyme of the invention
30 preferably results in an Increase of the specific volume of the baked product that is at .
least 10%, relativa to a baked product mada under identical conditions except that the en-
zyme is not added, More preferably, the increase of the specific volume is at least 20%
such as at least 30%, e.g. at least 40%.
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It is another objective of the invention to provide pasta doughs, noodte doughs and cake
doughs or batters and finished products made from such doughs or batters.

it is known in the art that enzymes other than kpases may contribute to improved doygh
5 properties and quallty of baked produts. 1t is within the scape of the invention that, in addi-
tion to the enzyme of the invention, at least one further enzyma is added to the dough.
Such further enzymes include starch degrading enzymes such as enda- or excamylases,
pullulanases, debranching enzymes, hemicellulases including xylanases, cellulases and
oxidoreductases, e.g. giucose oxidase, lipases, phospholipases and hexose oxidase.
10
It has been found that the enzyme of the invention may ba particukarly active agalnst cer-
tain glycolipids such as e.g. galactolipids including digalactodiglyceride (DGDG) which is
converted into digalactomonoglyceride (DGMG) that is an effective surfactant. In useful
smbodiments, the enzyme of the invention is tharefore an enzyme that is capable of hy-
15 drolysing at least 25% of DGDG Initially present in the dough and preferably at least 50%
of the DGDG is hydrolysed such as at least 80% or at least 75% heareof.

Another useful lipid substrate for the present enzyme is the phosholipid, phosphatidy}
choline (PC). Thus, in useful embodiments the enzyme is capable of degrading at least

20 25%, prefsrably at least 50% including at least 60% such as at least 75% of the PC ini-
tially present In the dough.

It is one advantageous aspect of the present enZymes that they may be more hydroiyti-
cally active against certain of the lipid substrate types as defined above than they are

25 against other types. The enzymes may thus be relgtively mere active against patar lipids
than they are against nonpolar triglycerides. This can be illusirated by analysing the
amount of any of the lipid substrate types being hydrolysed and then construct a curve
describing the relationship between the hydrolysis of any pairs of pid substrates, e.9. tri-
giycerides vs. glycofipld or triglycarides vs. phospholipids. ‘

In specific embodiments, the enzyme of the invention is characterised in that the
relationship between the abliity of the enzyme to hydralyse triglycerides and the ability to
hydrolyse glycolipids can be described as a curve having a siope which Is at least 1.0,
such at least1.5 or at least 2.0 ar In that the relationship between the ability of the enzyme
35 1o hydrolyse triglycerides and the sbifity to hydrolyse phospholipids can be described as a
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curve having a siope which is at least 0.1, such as e.g. at least 0,2, Including at feast 0.5
or atleast 1.0. .

In 3 further aspect, the invention provides a dough improving composition comprising an
5 enzyme that, under dough conditions, Is capabie of hydrolysing a nonpolar lipid, a
glycolipid and a phosphoilpid, and optionally at least ona further dough component.
Such a further dough component can e.g. be a further enzyme as defined above, includ-
ing lipases or phospholipases not having the substrate profile of the present anzyme.
Other suitable dough components which can be incorporated in the composition include -
10 cereal flours such as wheat flour, rice flour and com flour, yeast, chemlcal leavening
agents, dough strengthening agents such as oxidoreductases and ascorbates,
emulsifiers, sugars, acylglycerols of the types mentioned above, phosphofipids such as
soy lecithin and egg lecithin, glycolipids and salta.

15 In further aspects of the invention there is provided a method of preparing a dough as de-
fined above wherein the enzyme Is added In a composition as described above and 2
dough thatiis obtained in accordance with the methods of the invention. Such a dough can
be a fresh dough, optionaily packaged in a controlled atmosphere 1o keep it fresh or It
may be a frozen dough. '

20
The invention Is further ustrated in the following non-limiting examples and the drawings

where:

Fig. 1 illustrates the effect on bread crumb structure of @ commercial lipase,
25 GRINDAMYL™ EXEL 16 (200 ppm) (braad rcils to the left), Lipase SP 972 (1000, 2500
and 5000 LUT/kg flour, respectively) (roils 2-4) as compared to a contro! without addition

of lipase (rofls lothe right);

Fig. 2 shows ths effect on braad volume and crumb struchire of addition of oat lipid alone
30 (bread to the [ef), oat fipid + 1010 ppm SP 878 (bread in the middle) and oat Rpid + 200 .
ppm GRINDAMYL™ EXEL 18 (bread to the right),

Fig. 3 lustrates the relationship between the ability of Lipase SP 972 and Lipase SP 979
to hydrolyse triglycerides and thair ability ta hydrolyse glycolipids, and
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Fig. 4 Hlustrates the relationship between the ability of Lipase SP 972 and Lipase SP 979
to hydrolyse triglycerides and the ability to hydrolyse phosphoﬁpids.

5 EXAMPLES -
Materials and methods

1. Enzymes used

10
Enzyme preparations designated SP 972 and SP 879, respectively, were cbtainad from
Novo Nordisk, Bagsvaerd, Denmark. The enzyme designations are those used by Novo
Nordisk.

15 The following fipases were used as references: GRINDAMYL™ EXEL 16 (Danisco Ingredi-
ents, Brabrand, Denmark) and Stalingase™ (Gist-brocades, Delfts, the Nethsrtands).

2. Lipase aclivity using tributyrin as substrate (LUT and LIPU)

20 Lipase aclivity based cn the use of tributyrin as substrate was measured as described in
Food Chemical Codex, 4th edition, Nalional Academy Press, 1996, p. 803 with the modifi-
cation that samples were dissolved in deionised water instead of glycine buffer and that
the pH-stat set point was 5.5 Instead of 7.

25 1 LUT is defingd as the amount of enzyme which can liberate 2 umo} butyric acld per min.
under the assay conditions. 1 LIPU is defined as the amount of enzyme that can fiberate 1

umol butyric acid per min. under the assay conditions.
3. Lipase assay based on the use of sunfiower off as substrate (LUSo, pH 6.5)

Reagents: 8.4 g gum arabic is dissolved in 100 m! demineralised water and 100 mi 30 mM
CaCli, is added. 36 mf sunflower ofl is added slowly under mixing using an Ulra Tumrax™
mixer at 20,000 rpm to cbtain an emulsion.
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Assay: 20 ml of sunflower oil emulsion in a beaker is equilibrated at 30°C for § min. and
pH adjusted 1o 6.3-6.5 using a pH-stat. 2 mi of enzyme preparation is added and 0.05 N
NaOH Is added continuously while keeping the pH at 6.5 for 10 min. The slope of the
curve for addition of 0.05 N NaOH as a function of time is calcutated.

1 LUSo! is defined as the quantity of enzyme that can liberate 1 umol fatty acid per min.
under assay conditions.

3. Phospofipase assay (PLU, pH 8.0)

10
Substrate: 8 g of lecithin powder (Metarin P,0747983) is disscived in 150 mi water under

heating to 40-50°C. 40 m! of SO mM CaCl; is added and water is added to 200 ml. The
substrate mixure is homogenisad for 1 min. using an Ultra Turrax™ mixer at 20,000 rpm.

15 Assay: 20.0 mi of substrate is transferred to a beaker and equilibrated at 30°C for 5§ min.
and pH adjusted to 8.0 and 2 ml of enzyme preparation is added followad by continuously
adding 0.05 N NaOH for 10 minutes while keeping the pH at 8.0.

The slope of the curve for the addition of 0.05 N NaOH as a funclion of time is calculated.
20 1 PLV Is defined as the amount of enzyme which can liberate 1 umol of fatty acld per min.
under assay condilions.

4. Baking test (Toeast bread)

25 2000 g of Danish reform flour, 30 g of dry yeast, 30 g of sugar, 30 g of salt and water at
400 Brabender units (BU) + 3% was kneaded using a Hobart™ Mixer with hook for 2 min.
at low speed and 10 min. at high speed. Douph temperature after mixing was 25°C.
Resting time was 10 min. at 30°C. The dough was scaled at 750 g per dough and rested
again for 5 min. at 33°C and 85% RH. Moulding was carried out using a Glimik™ moulder.

30 The doughs were procofed In tins for 50 min. at 33°C and baked in Wachtal™ oven for 40
min. at 220°C and steam injection for 18 sac. After cooling, the bread was scaled and the
volume of the bread measured using the rape seed displacement method.
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The crumb was also evaluated subjectively on a scale 1 to 10, where 1 = coarse struciure
and 10 = homogeneous structure. ’

Three loaves baked in tins provided with lids were stored at 20°C and used for irmness
5 measurements.

5. Fomness mesasurement

Firmnass of bread was measured using a2n Instron™ UTM model 4301 connected to a
10 computer. Conditions for measurements were as follows:

Load cel Max 100 N
Piston dlameter 50 mm
Cross Head Speed 200 mm/min.
15 Compression  25% '
Bread slice thickness 11mm

The force is converted to N/dm?®. The results were calculated as an average of 10 bread
slices per Joaf.

20
6. Baking test (Hard crust rolls)

1500 g of Danish reform flour, 90 g of compressed yeast, 24 g sugar, 24 g salt and water
at 400 Brabrendar units + 2% were kneaded using a Hobart™ mixer with hook for 2 min.

25 at low speed and 6 min. at high speed. The dough lemperature was 26°C. The dough was
scaled at 1350 g and was rested for 10 min. at 30°C and moulded using a Fortuna™
movider. The moulded dough was proofed for 45 min. at 34°C and baked in a Bago™
oven for 18 min. at 220°C and with steam for 12 sec. After coofing, the rolls were scaled
and the volume of the rofls was measured using the rape seed displacement method.

30
The specificivolume of the rolls was cafculated as follows:

Specific volume = Volume of the bread, m|
weight of bread, g

38

PATENTBESKRIVEL SE/237200K1/HSAP $03-12-99

NZAS-0157686

0p7et 4 8056 ON SIN3LVd SINAZOAON 01:€1 000 Wyr '@



10

15

20

25

30

0v/91 "4 8456 ON

13

7. Mini baking test

50 g of Danish reform flour, 10 g dry yeast, 0.8 g sugar, 0.8 g sali, 70 ppm ascorbic acid
and water at 400 Brabender unils was kneaded using a 50 g Brabrender™ mixing bawt for
5 min. at 30°C. Resting time was 10 min. at 34°C. The dough was scaled at 15 g per
dough and mouided using a device whera ths dough is rolled between a wooden plate
and a plexiglass frame. The doughs were proofed in tins for 45 min. at 34°C and baked in
a Voss™ housahold oven for 8 min. at 225°C. Following baking, the miniloaves were
cooled lo ambient temperature end after 20 min. the loaves were scaled and the volume
determined by the rape seed displacement methed. The loaves were cut and the crumb
and crust evaluated.

8. Lipid extraction and fatly acid enalysis

20 g of fully proofed dough was frozen immediately and freeze-dried. The freaze-dried
dough was milled using a coffee bean milt and passed through a 800 um screen. 2 g of

fresze-dried dough was scaled using a 15 ml centrifuge tube with screw cap. 10 mi of
water-saturated butanol (WSB) was added. The centrifuge tube was placed in a boiling
water-bath for 10 min. The lubes were placed in @ Rotamix™ apparatus and turned at 45
rpm for 20 min. at ambient temperature and subsequently placed in a boiling water-bath
for 10 min and tumed on the Rotamix™ apparatus for 30 min. at amblent temperature.
The tubes were centrifuged at 3,500 g for § min. 5 mi of supernatant was transferred Into
a vial. WSB was evaporated to dryness under a stream of nitrogen.

The free fatty acids in the extract were analysed as Cu salts in isooctane measured at 715
nm and quantified according to a calibration curve based on oleic acid (Kwon, D.Y. and
J.S. Rhee (1986). A Simpla and Rapid Colourimetric Method for Datermination of Free
Fatty Acids for Lipase Assay, JAOCS 63:89).

9. HPLC analySis

Column: LiChrospher™ 100 DIOL 5§ ym (Merck arl. 18152) 250 x 4.0 id with water [acket,
50°C.
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Mobile phase:

A: heptane/fisopropano/butanol/ieirahydrofuran/iscoctane/H,Q’, 64.5/17.5/715/5/1
B: isopropanclbutanoltetrahydrofuranfisooctane/Hh0', 730/7/5/5/10

5 1 mmol triflurcacetic acidAl of mobile phase
(PH = 6.6 adjusted with NH,)

Pump: Waters™ 510 + Gradient controlles

10 Gradient:
Flow: mVmin. Time: min. %A % B
1.0 1] 100 0
10 75 . 700 .
10 30 0 - 736067
10 35 100 0
1.0 40 100 [}

Detector. CUNOW™ DDL21 (evaporative fight scattering) (temp: 100°C, voitage: 600, air
flow: 6.0 Vmin.) )

15
Injector: Hewlett Packard™ 1050, injection volume 50 ul

Sample preparation: The wheat lipid was dissolved in 5 ml CHCI/CHYOH (75:25). soni-
cated for 10 min. and filtered through a filter having a pore size of 0.45 um.

Calculation: Callbration curve for PC (lecithin standard from Intemational Lecithin and
Phospholipid Saciety)

Reference: Amoldsson, K.C. and P. Kaufmann (1986), Chromalographia 38:317
25
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10. Gas chromatography
Perkin Elmer™ 8420 Capiliary Gas Chromatograph aquipped with a WCOT fused siica
column, 12.5 x 0.25 mm ID and 0.1 um 5% phenylmethy! silicona (CP Sil 8 CB from
§ Chrompack) was used with helum as carrier under the following conditions:

Detector: FID, 385°C

Oven ramme:;

10
Programme No. 1 2 3 4
Oven temperature, °C 80 200 (240 “TT380
"Isothermal time, min. 2 0 o 10
Temperatwrerate, °C/min. |20 | 10 I -2

Sample preparation: 50 mg wheat lipid was dissolved in 12 ml heptane:pyridine, 2:1 con-

taining 2 mg/ml heptadecane as an intemnal standard. $00 ul was transferred to a crimp

vial and 100 ! MSTFA (N-Methyl-N-trimethylsilyl-trifluoroacetamide) was added and re-
15 acted for 15 min. at 90°C).

Calculation: Response factors for mono-, di- and triglycerides and free faty acids were
detemnined from reference mixdures of these components. Basad on these response fac-
‘tors the conlent of mono-, di- and triglycerides and free fatty aclds in wheat lipids were

20 calculated,

11. Enzymalic activities of enzymes used in the following examplas:

Enzyme UPUrg LUSolg PLUAQ
Lipase SP 979 0 185 1984
[ipase SP 675 280 40 2456 ] ’
| GRINDAMYL EXEL 16 3000 350 ] 0
| Stalingase, # 1867, punfied | 42.5 287 5 T T T
Opase 3 (2524-120) 4600 2910 24
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EXAMPLE 1
The effoct of SP 872 and GRINDAMYL™ EXEL 16 in hard crust rolls

5 Tha rolls were baked and tested according to the procedures described above. The re-
sults are summarised in the below Table 1.1:

Table 1.1. Specific volume and crumb score (1-10)

Enzyme Specific voiume, miig Crumb score

Control w/o enzyme 533 4 I
"200 ppm EXEL 16 5.65 . 7 ]
7000 LUT/kg SP372 8§70 % T
72500 LUT/kg SPS72 _ 5.99 _ BN ,

5000 LUT/kg SF372 5.46 [} '”" N

10
Fully proofed doughs from this baking test were extracted and the content of free fally
acids was measured. The results are summarised in Table 1.2:

Table 1.2. Content of free faity acld in proofed doughs

5
Enzyme % free fatty acids
Controf wio enzyme 0.229
200 ppm EXEL 16 0,303
| 1000 LUT/kg SPS72 0.349
2500 LUT/kg SP972 0.324
LEQWU‘T/kg_sPﬁ 0.364

These results indicate a clear effect of Lipase SP 972 on tha fatty acid formalion in
doughs.

20 Additionally, the bread volume is significantly improved by the addition of Lipase 872 and
this enzyme confers a more white and hamogeneous crumb structure as it is Flustrated in
Fig. 1.
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EXAMPLE 2

The content of fatty acida and polar liplds In proofed doughs suppiemented with
lipase '

Five test doughs (1-5) were mixed using a 50 g Brabender™ Farinograph at 30°C for 5
min. and proofed at 34°C for 60 min. followed Immsdiately by freezing and freeze-drying.

The compositions of the lest doughs are summarised in Table 2.1:
10
Table 2.1. Composition of test doughs

Component Test Test Jest Test | Test — |
dough 1 | dough2 dough 3 dough 4 | dough S
(controf)
Reform flour, g 50 50 50 50 T T
Dry yeast, g 038 038  ~|038 {o3s “j038
"Sall, g 075 075 1076 —Jors Tors —
[Water a1 500 BU (84%), mi | 27 26.19 2495 2294 “[18.87
"S§P972 (560 LUT/miy, ml 0 0.813 2.05 408 |8.13
LUT /g flour 0 894 2238 4472 8943 |

The contenl of fatty acids were analysed by GC. The results of these analyses are sum-
15 marised in Table 2.2:

Table 2.2, Content of fatty aclds in test doughs 1-5

Test dough % Tafty acids
1 0.180
v 0353 h
KB 0410
4 0.469
5 0.522
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" Additionally, the content of polar lipids in the control doush (test dough 1) and test dough

5 were analysed by HPLC as described above. The results are summarised in Table 2.3:

Tabie 2.3. Content of polar fipids in test doughs containing 0 and 8343 LUT lipase, re-

sgecﬁvelz :

Polar Ipid % polar lipid in control | % polar lipid in test
dough dough 5

Acylated phosphatidylethancleamine (APE) | 0.044 0.056 .

Digalacosykiglyceride (DGDG) 0.209 T 00022 .

Phosphatidyicholine (PC) 0.051 0.003

Digalactosyimonoglyceride (DGMG) 0015 ' 0.103 ]

Lysophosphatidyichofine (LPC) 0.269 0.301

The above results indicate a clear effect of Lipase SP 972 on the formation of fatty acids.
Even at the lowest dosage of 884 LUT/kg flour, a significant increase in fatty acid content
in the test dough was observed. The HPLC analyses indicate 2 remarkable effect in re-

spect of hydrolysis of phospholipids and glycolipids.

Accordingly, these experiments demonstrates that the SP 972 Lipase is capable of utilis-
ing glycerides, phospolipids and glycolipids as substrate.

EXAMPLE 3

The effect of Lipase SP 972 alone and in combination with soy lecithin on the con-
tent of fatty acids and polar lipids in hard crust roll dough and the quality of the

baked rolls

Lipase SP 972 was lested for its activity alone and in combination with soy lecithin on the
quality of hard crust rolls. A commercial bpase product, GRINDAMYL™ EXEL 16 (EXEL
16) and a commercial DATEM emutsifier, Panodan™ A 2020 were tested for comparison.

The used amounts of enzyme and emulsifier additives and the quality characteristics of
the respective baked rolls are summarised in Table 3.1:
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Table 3.1. Enzyme and emulsifier additions and bread quafity

Specific Crumb score | Crust score

volume, mllg ] (1-10) (1-10)
Contol 5.65 3 3
0.2% Panodan A 2020 6.14 N.D" N.D'
(750 LUT/kg SP 972 6.77 8 7
1500 LUT/kg SP 972 6.65 7 6
750 LUT/kg SP 972 + 0.5% lecithin | 6.9 5 ]
1500 LUT/kg SP 972 + 0.5% lecithin | 7.2 5 7
800 LUT/kg EXEL 16 6.38 7 5
1800 LUT/kg EXEL 16 62 6 6
(500 LUT/Kkg EXEL 18 + 0.5% lecthin | 8.3 5 7
1800 LUT/kg EXEL 16 + 0.5% lecithin | 6.35 7 7

'Not determined

Baking experiments using Lipase SP 972 as compared to GRINDAMYL™ EXEL 16 or

Panodan A 2020 emuisifier showed excellent baking performance of SP 872 both alone

and in combination with soy lecithin. This effect is significantly bafter than that of the
commercial lipase, GRINDAMYL™ EXEL 16.

Lipids extracted from the dough were analysed for free fatty acids and poler lipids as de-

scribed above. The results of these analyses are summarised in Tables 3.2 and 3.3;
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Table 3.2. Content of free fatty acids in doughs containing an emulsifler, Lipase SP 972

alone or in combination wi in RINDA| ™ L
with lecithin
Free fatty acids, wi%
0.2% Panodan A 2020 0.129
750 LUT/kg SP 972 0.148
1500 LUT/kg SP 972 )
75 (UThg SP 972+ 0.5% Tocthin— | 0259
1500 LUT7kg SP 972 + 0.5% lecthin | 0.280 |
(800 LUT/kg EXEL 16 .263
1800 LUT7kg EXEL 16 0.330
500 LUT kg EXEL 16 + 0.5% lecithn | 0.337
1800 LUT/kg EXEL 16 + 0.5% lecithin | 0.346

alone or in

Table 3.3. The content of polar lipids (wt%) in doughs Supplemented with Lipase 972

alene or in combinafion with lecithin or GRINDAMYL™ EXFEL 16 alone or in combination

with lecithin
DGDG | DGMG PC LPC
750 LUT/kg SP 972 0.089 0.083 0.023 0303
%ﬁﬁm 0.5% lecithin__ | 0.116 0.076 0.037 0326 |
900 LUT/kg EXEL 16 0.233 0.08 0.067 0265~ |
960 LUTikg EXEL 76 + 0.5% lecithin | 0.240 0.015 0015~ [0280 ]

The above resulls indicate that GRINDAMYL™ EXEL 16 has no effect on hydrelysis of
DGDG and PC. It can therefore be concluded that modification of both phospholipids and
glycofipids in the dough effected by Lipase SP 972 is of importance for the bread improv-

ing effect of Lipase 972 as compared to the commercial lipase, GRINDAMYL™ EXEL 16.
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EXAMPLE 4

The enzymatic activity of Lipase SP 972 in a dough supplemented with oat lipid

5 Lipase SP 972 was tested in a model dough supplemented with an oat lipid fraction,
2133-18-1. The recipe of the dough was as follows:

Table 4.1. Cormposition of doughs supplemented with oal lipid

Dough component Dough No. 1 | Dough No. 2 | Dough No. 3 | Dough No.
4
Reform wheat flour, g 10 10 ) 10 10
30% NaCl. g 05 0.5 0.5 0.5
Oatlpd, 2133161, 9 |05 1025 0.25 0.25
Waler (500 BU) (53.7%), m| | 4.87 487 4.87 4.87
SP 972, L ur 0 560 1000 5000

10
The dough was mixed at 30°C usinga 50 g Brabender Farinograph. After €0 min. fer-
mentation, the dough was frozen and freeze-dried followed by extracting fipids from the
freeze-dried dough and analysing for polar lipids using HPLC. Tha results are summa-
rised in Table 4.2:

15
Table 4.2. Content of polar s in doughs s emented with oat lipids. Values are wt%
of fresze-dried dough
Polar Tipid com- | Oough No. 1 Dough No. 2 Dough No. 3 | Dough No. 4
ponent {control)

"DGDG 0.751 0.633 0.504 221
PC 0.301 0.209 0.159 0.055
DGMG 0.032 0.004 0.112 0.233
C 0.276 0.342 0.342 0.409

20 K appears from tha above results that addition of oat lipid results in an enhanced Iave) of
both phospholipids and glycolipids and that the SP 972 lipass to a large extent utifises
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DGDG and PC as substrates. Accordingly, the addition of the enzyme has a significant
effect in the doughs in respect of formation of more polar lipid compenents.

EXAMPLE 5

Baking experiments to evaluate the passible synergistic effect of adding a cereal
lipid and Lipase SP 978 to doughs

Baking experiments were carried out in which the effect of a fractionated oat lipid prepa-

10 ration (2133-100-1) alone and in combinetion with Lipase SP 979 or GRINDAMYL™ EXEL
16 on bread quality was studied 1o assess whether a synergistic eflect of oat lipid and Ii-
pases could be demonstrated. The procedure for making the dough and baking the dough .
was as described above for *mini baking test”. The amount of additives used and the re-
sults in respect of bread quality are summarised In Table 5.1:

15
Table 5.1. The effect on bread quality of oat lipid and fipases
Additives Specific volume, ml/g ive volume
Conirol w/o additives 401 100
Oat lipid, 0.3% 397 98 T
"Oatipid, 0.3% + 1010 ppm SP 979 | 5.75 143 T
Oat pid, 0.3% + 200 ppm EXEL 16 | 4.70 117

These baking 'experiménls indicate a very strong volume effect by the combination of oat
20 lipid and Lipase SP 979. The oat lipid fraction alons did not have any improving effect on

bread volume. It was also very clear that the commercial fipase GRINDAMYL™ EXEL 16

aithough it showed a slight volume improvement affect had significantly less bread volume

improvement effect than the SP 979 lipase which relative to the control without additives

gave a speciflc velume improvement of 43% and relative to the commercial ipase an im-
25 provement of about 22%.

In addition to the improved bread volume, the addition of Lipase SP 879 resulted in im-
proved bread crumb structure and bread appearance. This is illustrated in Fig. 2 from
which it appears that bread baked with SP 979 gave a nice and tender crumb structure

30 and a significant oven spring.
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EXAMPLE 8

The effoct of Lipase SP 972 alone and In combination with acylglycerols on dough
quality and the quality of toast bread

5
Lipase SP 972 was tesied alone and in combination with soy oil in baking sxpariments

with toast bread carrfed out as described above, and the effects on dough characteristics

and bread quality was compared with those of GRINDAMYL™ EXEL 16 and DIMODAN™

SDM-T. The resuits on dough quality parameters and the bread quality of these experi-
10 ments are summarised in the below tables:

Table 6.1. The effect on dough extensibility and stickiness of Lipase SP 972, soy oll,
eni RINDAMYL™ EXEL 16 and @) ¥ [»]] M -T alone

combinations
15

Dough score (0-10) after | Dough score (0-10) aRter
mixing moulding

Additive Extensibility | Stickiness | Extensibiiity | Slickiness |
Control

2% shortening

2% shortening + 500 LUT/kg SP 972
| 506 TUT7kg SP 872

1% soy ol

1% soy oil + 500 LUT/kg SP 872
1000 LUT/kg SP 972

1% soy ofi + 1000 LUT/kg SP 972
0.4% DIMODAN™ SDM-T

200 ppm EXEL 16

2% shortening + 200 ppm EXEL 16
1% soy ofl + 200 ppm EXEL 16

SNE SN N o N NN o} o o o
&&mmaa.umwwu1m

ol o o o]l o o o o o & v o
o:fa:u;mouuuo‘mocumm

PATENTBESKRIVELSE/237200K 1/HSAPJU3-12-99

NZAS-0157697

0b/9C 4 81956 ON SlNE]lV»dA_.SBN{gOAO‘NA ZAI__:H,,ZA?OZ_'EM‘ 8 '

- - - . B



10

15

20

0p/LC 4 8(56 ON

24

Tabie 6.2. The effect on specific volume, crumb quality and sofiness of Lipase SP 972.

soyoil & ing, G
alone and in combinations

AMYL™ EXFEL 16 3

i DIMODAN™ SDM-T

Additive Specific | Crumb Softness, | Softness,
volume score (0-10) { day 3 day 7
Control 3.72 4 82 129
2% shortening 398 7 57 91
2% shortening + 500 LUT/kg SP 972  4.63 3 48 69
600 LUT/kg SP 972 426 7 45 75
1% soy oil | 405 1 83 86
1% soy oil + 500 LUY/kg SP 972 465 5 48 77
{ 7000 LUT/kg SP 972 401 7 170
1% soy.ofl + 1000 LUT/kg SP 972 | 3.29 10 160 135
0.4% DIMODAN™ SDM-T 417 7 58 89
200 ppm EXEL 16 325 7 108 146
2% shortening + 200 ppm EXEL 16 | 3.67 6 55 86
1% soy ofl + 200 ppm EXEL 16 | 4.12 a 73 104

These baking experiments confirmed that the addition of Lipase SP 972 alone and in
combination wilh acylgtycerol lipids resulted in a significant improvement of bread volume
and softness and this effect was clearly better than that of the commercial lipase.
GRINDAMYL™ EXEL 16. Additionally, as il appears from the above tables, the addition of
Lipase SP 972 gave improved dough extensdilty and crumb score. It is also evident from
the above results that SP 972 gave very positive effects in combination with both soy oil

and shortening.

In contrast to the effect of Lipase SP 972, the addition of GRINDAMYL™ EXEL 16 did not
resuit in Improvement of bread softness.
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EXAMPLE 7

The effect on dough characteristics and bread quality of Lipase SP 979

5 Lipase SP 979 which has relatively low activity on short chain triglycerides but is particu-
larly active towards glycerides with iong chalin fatty acids, and towards phospholipids was
tested in toast bread baking expariments. The grocedure for making the toast bread was
as described above, but with the addition of additives as indicated in the following Table

7.1 which summarises the results of the experiments in respect of dough and bread
10 quafity.

Table 7.1. The effact of Lipase SP 972 alone and in combination with lecithin or soy oil an

dough and bread quality
Douph Scors aher Spochc | Crum | Sofneas | Sofnesns | SeRness |
mroudding valuree scorg day t day 3 aay?7
Exiansl- | Stciiness |
BiRy
Convol 5 [ a4 3 37 69 10
600 PLL*g SP 379 ® s 427 3 2 £3) %0
1000 PLURG SP 975 k] LX) i) 42 81|
~2000 PLUKg SP 979 [ a5 17 21 33 57
0.5% Jecitiun [ 482 () 25 52 76
GO PLUMp SP 579 + 0.5% oo | 6 ¥ 1 4a3 ] KD LES) w7
1 kg 5P 979 ¢ 0. [ 3 % T 17 38 50
2000 PLUMKG 5P 070 « G.6X Taclhln | 6 5 .00 ? 3
7530 PLUMg SP 979 + 1% soy off ] 5 48 |8 2 3% (]
1000 PLU/&p SP 979 + 1% soy [] s 451 ) 24 41 o7
“2000 PLUXg SP 079 + 15 30y o T aay ] " 7
70.3% DIMODAN SOM-T (3 5 ryr ] 3 LI Tes

These baking experiments show a very interesting effect of Lipase SP 879 in tesms of im-

proved bread velume and crumb structure. This efect is significantly batter than that of
the commercial emulsifier, DIMODAN™ SDMW-T.

20 Even more interesting, however, is the effect of this enzyme on braad softness which
clearly indicates that Lipase SP 979 both afone and in combination with acylglycerols and
phospholipids has a significant softness improving effect. it was observed that the crumpd
of the bread made in this experiment with additien of SP 979 was molst and that the
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crumb structure of such bread was very homogeneous and had a bite which was shorter
than that of the control bread without additives.

EXAMPLE 8

The offect of Lipase SP 979 alone and in combination with oat lipid on bread quality

Miné bread baking expetiments were carried out acconding to the procedures described
above, but with the additions of addilives as indicated in the below Tabie 8.1 in which the
10 effects on specific volume and formation of free falty acids (analysed colourimetrically) in

the doughs are surninarised:

Table 6.1. The effect of Lipass 379 on bread volume and formation of free falty acids

Specific volums wt% free fatty acids
Control 353 0.241
0.3% oat [pid 2133-100-7 372 0243
[0.3% oat bpid + 1010 ppm SP 979 | 5.45 0.416
0.3% oat lipid + 200 ppm EXEL 16 | 4.5 0.377
1010 ppm SP 979 484 0.338 7
200 ppm EXEL 16 408 0.317

15

The above results demonstrate a significant dough strengthening effect of Lipase SP 979
as reflected in enhanced specific volume and crumb structure and appearancs. The effect
of SP 979 was even more pronounced when it is combined with oat ofl.

20 Proofed doughs from this baking test were freeze-dried and lipids extractsd and subjected
to HPLC analysis. The resuits of this analysis are shown in Table 8.2:

Table 8:2. The effect of Lipase SP 979 on the hydrolysis of glycolipids and phospholipids -

in dough {values are in wt’%)
25
DGDG MGDG PC LtPC
Control 0.176 0.033 0.025 0.183
0.3% oat fipid 2133-100-1 0.180 0.031 0.036 0.224
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0.3% oat lipid + 1010 ppm SP 979 | 0.089 0.020 0.006 0228
0.3% oat lipid + 200 ppm EXEL 16 | 0.188 0.031 0.038 0.197
1010 ppm SP 679 : 0.061 0.018 0.007 5,374
200 ppm EXEL 16 0.203 0.039 0.032 0.2

it appears from these results that Lipase SP 879 is capable of hydrolysing both glycolipids
(DGDG) and phospholipids (PC). In fact more than 50% of DGDG and PC present is hy-
drolysed by the addition of SP 973,

EXAMPLE 9

Dough and bread quality improving effects of Lipase SP 972 and Lipase SP 978 in
comparison with the commercial lipases, GRINDAMYL™ EXEL 16 and Stalingase™
10 : 7
The lipid hydrolysing effects of Lipase SP 872 and Lipase SP 979 were compared with
those of two commercial lipases, GRINDAMYL™ EXEL 16 and Stalingase™ (Glst-
brocades) (the latter enzyme is also referred to as # 1867) in a mode! dough system,
Doughs were kept for 1 hour at 32°C and fresze-dried and polar lipids analysed by HPLC

15 and nenpolar lipids by GLC analyses.

The model doughs had the following compositions:

Table 9.1. Composition of model
20
Dough Dough Dough Dough Dough
: No.1 Na.2 No.3 No.4 No.5

Flour, Reform, g ) 50 50 50 0 |
 30% NaCl. g 25 25 25 25 25
' Water, 500 BU, 53.7%, mi | 24.35 2435 24.35 2435 | 2435
 SP 872, LUT/XKg flour 2000
"SP 979, PLUJ/kg flour 1000
EXEL 16, ppm 200

Stafingase™, ppm ' 200
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The content of free fatty acids and triglycerides (GLC analysls) and the polar lipids, DGDG
and PC (HPLC analysis) in the doughs are summarised in Tabie 9.2:

Tabie 9.2. Content of free fatty acids, triglycerides and potar lipids in model doughs

5 (values are in \t%

Free falty acids | Inglycendes | DGDG | PC |
Control 0.188 0.378 0.204 0.023
2000 LUT SP 972 0.419 0251 0.026 0.002
1000 PLUSP 979 | 0.285 0.359 0.153 0.009
200 ppm EXEL 16 | 0.257 0.321 0224 0.022
200 ppm Stalingase™ | 0285 0.276 0217 0.024

Based on these values it is possible to calculate the amount of free fatty acid (FFA)
formed in the dough and the amounts of triglycerides, DGDG and PC, respectively that
10 are hydrolysed in the doughs. Thesa data are shown in Table 9.3:

Table 9.3. Formation of free fatty acids and hydrolysis of triglycerides, DGODG and PC in

model s (wi%
FFA formed | DGDG hydro- | PC hydrolysed | Triglycendes
lysed hydrolysed
Control 0 0 0 ]
2000 LUT SP 972 .230 0.178 0.021 0.127
1000 PLU SP 979 0.097 0.051 0014 0.019
200 ppm EXEL 16 | 0.069 <0.020 0.007 0.057
200 ppm Stalingase™ | 0.097 -0.073 0,001 0.102

15

When the activity of a lipase in a dough is expressed in terms of the amount of FFA
formed in the dough as shown in the above table, it is clearly demonstirated that Lipase
SP 972 and Lipase SP 879 are very active in respect of hydrolysis of both glycolipida
{DGD@G) and phospholipids (PC) as compared 10 both of the commercial lipases tested,
20 which show no effact at all on these substrates.
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With respect to effect on triglycerides, Lipase SP 972 and Lipase SP 979 are both active,
however {0 a fess extent than the tested commercial fipases.

Accordingly, these resuits confirm that the two lipases according to the invention hydro-
5 lyse a wide range of lipid substrates including nonpolar lipids such as triglycerides and
polar lipids such as the plycolipid, DGDG, and the phosphdlipid, PC.

The data summarised in Table 9.3 may also be iRustrated graphically to show the rela-
tionship between the ability of enzymes 1o hydrolyse triglycerides and the ability to hydro-
10 lyse glycolipids (Fig. 3) and the relationship between the ability of enzymes to hydrolyse
triglycerides and the ability to hydrolyse phospholipids (Fig. 4). It appears from these
figures that this relationship for Lipase SP 972 and Lipase SP 979, respectively in respect
of DGDG can be described as a curve having slopes of 1.3965 and 2.6405, respectively
and the corresponding values in respact of PC are 0.1648 and 0.7248, respectively,
15 ' ' ' )
These data ciearly ilustrate the relatively high activity of Lipase SP 972 and Lipase SP
979 on glycolipids and phospholipids in relaticn to their effect on triglycerides.
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CLAIMS

1. A method of preparing a flour dough, said method comprising adding to the dough
components an enzyme that, under dough conditions, is capable of hydrolysing 3 nonpo-
lar lipid, a glycolipid and a phospholipid, or a composition containing said enzyme, and
mixing the dough components to obtain the dough.

2. A method according to claim 1 whereln at least one of the nonpotar lipid, the glycolipid
andﬂmphosphoﬂpidisanammnyomﬁngﬁpidcompoqem”wrﬁnghtheﬂowused
for the dough.

3. A method according to claim 2 wherein the naturally oecurring lipid is a phospholipid.
4, A method according to claim 3 wherein the phosphoiipid is phosphalidyicholine (PC)
5. A method according to claim 2 wherein the naturally occurring lipid Is a glycolipid.

8. A method according to claim 5 wherein the glycolipid is digalactosyidiglycerids
(DGDG).

7. A method according to ciaim 1 wherein at least one of the nonpolar lipid, the glycofipid
and the phospholipid is addad to the dough.

8. A method according to claim 7 wherein the nonpolar fipid being added is an
acylglycerol.

9. A method according to claim 8 wherain the acylglycerol being added is selected from
the group consisting of a vegetable off, a vegetable fat, an anima! oll, an animal fat,
shortening and butter.

10. A method according to claim 9 wherein the vegetable oil is a naturally occurring cereal
o inchuding oat oi.
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11. A method according to claim 7 whersin the polar lipid being added is a phospholipid

selected from the group consisting of phosphatidyfinositol (P). phesphatidyiglycerol (PG),
phosphatidyichofine (PC) and phosphatidylethanolamine (PE).

12. A meihod according o ciaim 1 wherein the dough is a yeast Ieavened dough.

13.Am010daccordmgtodatm1wheremtheenzymeisaddedmammnuwmchushm

rangeof‘lOto 100000LUTn(gﬂouro:'hmerangeof10m 100,000 PLU/g flour.

14. A method according to ciaim 13 wherein the amount of enzyme is in the range of 100
to 10,000 LUT7kg flour or 100 to 10,000 PLU/Kg flour.

15. A method according to claim 1 wherein the dough is a bread dough, the method com-

'pdslngasamnherstopmaw\edoughisbakedtoobta!pabakedprodud.

16. A method according o claim 1 whagin the dough is a dough selected from the group
consisting of a pasta dough, a nosdle dough and a cake dough or batter.

17. A method according to claim 1 wherein the enzyme is added in an arnount that resuils
in an increase of the specific volume of the baked product that Is 3t least 10%, relative o
a baked product made under identical conditions except that the enzyme is not added,

18. A method according to ciaim 1 whoren a further enzyme Is added to the doupgh.

19. A method aceording to claim 18 wherein the further enzyme Is selected lrom the group
consisting of a lipase, a starch degrading enzyme, a hemicellulase, a ceflulase and an
oxidoreductase. ’

20. A method according to claim 1 wherein at least 25% of DGDG inilially present in the
dough is hydrolysed,

21. A method according to claim 1 or 20 wherein al lsast 25% of PC initially present in the
dough is hydrolysed.

© 22. A method according to claim 1 wherein the enzyme is characterised in that the
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relationship between the abiity of the enzyme tohydrolyss triglycerides and the sbility to
hydrolyse glycolipids can be destribed as a curve having a slope which js at least 1.0.

~ 23. A method according to claim 1 wherein the enzyme is characterised in that the
$ relationship between the abiity of the enzyme to hydrolyse iriglycerides and the ability to
hydrolyse phospholiplds can be described as a curve having a slope which Is at lsast 0,1.

24. A dough improving composition comprising an enzyms that, under dough conditions,
Is capable of hydrolysing 3 nonpolar lipid, a glycolipid and a phospholipid, and optionaily
10 at least one further dough component.

25. A composition according to claim.24 that comprises a further enzyme selected from
the group consisting of a lipsse, a starch degradirig énzyme, a hemicetlulase, a ceflulase
and an oxidoreductase. v

15
26. A composition according to claim 24 where the further dough component Is selected

from the group consisting of a cereaf flowr, yeast, a chemical leavening agent, a dough
strengthening agent, an emuisifter, 3 sugar. an acyiglycerol, a phosphofipid, aglycofipid
and a salt.

20

27. A method according to clalm 1 wherein the snzyme Is added in 2 composition ac-
cording to any of claims 24-28.
28. A dough obtained by the method of any of claima 1-21 and 27.

25
29. A dough according to clalm 28 which I8 frozen or packaged in a controlted atmos-
phere.

30. A baked product that is obtained by baking the dough of claim 28.
31. A nocdis product made from the dough of claim 28.

32. A pasta product mada from the dough of claim 28.
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3
METHOD OF IMPROVING DOUGH AND BREAD QUALITY

ABSTRAGCT

§ Method of preparing a dough, the method comprising adding to the dough an snzyme that
is capable of simultaneously hydrolysing a nonpolar lipid, a glyeslipid and a phospholipid.
One or more substrates for (he enzyme may be added, e.g. galactolipids such as diga- .
lactodiglyceride (DGDG) or phaspholipids, e.g. phosphalidyl choline (PC). The lipid sub-
strales can be added to the dough in the form of ceraal lipids such as oat oil. The method
" 10 provides doughs with improved extenisibility and reduced stickiness, and baked bread
products with high specific volume, improved softness and excellent crumb structure.
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